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(54) FOCUS PULL-IN DEVICE 

(57)Abstract: 

PURPOSE: To perform focus pull-In even In the case of using an 
optical disk with face wobbling in an optical disk player. 
CONSTITUTION; This device is provided with an S-shape detector 1 1 
detecting the S-shape area of a focus error signal, a detecting period 
measuring Instrument 12 detecting the presence period of the 
S-shape, a signal generator 13 outputting voltage and a switch 
changing over signal In accordance with this output and a switch 
changeover device 14 switching a servo mode and a search mode. 
When a relative speed between the focal position of a lens at the time 
of detecting the S-shape and a disk face is fast, the lens is driven to a 
direction away from the disk face so as to decease the relative speed. 
When decreased speed, a servo loop Is closed, Thus, the focus 
pull-In is performed even in the case of using the optical dusk with the 
face wobbling. 
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SHUSAKU YAMAMOTO 
Your Ref.: 28569.6500 

Japanese Laid-Open Publication No. 5-12683 

Laid-Open Publication Date: January 22, 1993 
Japanese Application No. 3-166749 
Filing Date: July 8, 1991 

Applicant: Matsushita Electric Industrial Co., Ltd. 
Inventors: Y . KAMIKAWA, et al. 

[Title of the Invention] Focusing device 

[Abstract] 

[Objective] To enable focusing even in the case where an 
optical disc, the surface of which is wavering, is used in 
an optical disc player. 

[Structure] Includes an S letter detector 11 for detecting 
an S letter area of a focusing error signal, a detection 
period measuring device 12 for detecting a period in which 
the S letter exists, a signal generator 13 for outputting a 
voltage and a switching signal in accordance with the output 
from the detection period measuring device, and a switching 
device 14 for performing switching between a servo mode and 
a search mode. When the relative speed of the focusing 
position of the lens and the disc surface when the S letter 
is detected is high, the lens is driven in the direction in 
which the lens is distanced from the disc surface so as to 
reduce the relative speed. When the speed is low, the servo 
loop is closed. Thus, focusing can be stably conducted even 
with a disc, the surface of which is significantly wavering. 

[Claims] 

[Claim 1] A focusing device, comprising: 

an S letter detection device for detecting an S-letter 
area of a focusing error signal; 



1 



SHUSAKU YAMAMOTO 



Your Ref.: 28569.6500 

a detection period measuring device for detecting a 
period in which the S letter exists; 

a signal generator for outputting a search voltage and 
a switching signal in accordance with the output from the 
detection period measuring device; and 

a switching device for performing switching between a 
servo mode in which control is performed in accordance with 
the focusing error signal and a search mode in which control 
is performed in accordance with the search voltage. 

[Claim 2] A focusing device according to claim 1, wherein 
the signal generator sets a switch to the search mode, 
outputs a positive voltage in the state where a focusing 
position of a focusing lens is distanced from a disc surface 
so as to cause the lens to approach the disc, waits for the 
S letter to be detected, and when a relative speed of the 
focusing position of the lens when the S letter is detected 
and the disc surface is low, sets the switch to the servo 
mode . 

[Claim 3] A focusing device according to claim 2, wherein 
when the relative speed when the S letter is detected is 
high, the signal generator outputs a negative voltage 
thereafter while waiting for the S letter to be detected and 
repeating the output until the relative speed when the S 
letter is detected becomes lower than or equal to a 
threshold value, and when the relative speed becomes lower 
than or equal to a threshold value, the signal generator 
sets the switch to the servo mode. 

[Claim 4] A focusing device according to claim 2, wherein 
when the relative speed when the S letter is detected is 
high, the signal generator outputs a positive voltage while 
waiting for the S letter to be detected thereafter and 
repeating the output until the relative speed when the S 
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letter is detected becomes lower than or equal to a 
threshold value, and when the relative speed becomes lower 
than or equal to a threshold value, the signal generator 
sets the switch to the servo mode. 

[Claim 5] A focusing device according to claim 2, wherein 
when the relative speed when the S letter is detected is 
high, the signal generator outputs a negative voltage 
thereafter while waiting for the S letter to be detected and 
checks whether or not the relative speed when the S letter 
is detected is lower than or equal to the threshold value; 
alternately outputs a positive voltage and a negative 
voltage such that when the speed is lower than or equal to 
the threshold value, the signal generator sets the switch to 
the servo mode, and when the speed is higher than the 
threshold value, the signal generator outputs a positive 
voltage; and when the relative speed when the S letter is 
detected becomes lower than or equal to the threshold value, 
the signal generator sets the switch to the servo mode. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to a 
focusing device in an optical disc player. 

[0002] 

[Prior Art] Recently, laser discs rotating at high speed 
have attracted attention as optical discs. A focusing 
device for performing focusing from a de-focused state is 
required. 

[0003] A conventional focusing device is described in, for 
example, Japanese Publication for Opposition No. 63-13261. 
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[0004] Hereinafter, a conventional focusing device will be 
described. Figure 8 shows a principle of the conventional 
focusing device. In Figure 8, (A) shows a focusing error 
signal and a threshold voltage; (B) shows a comparison 
output of the above two; (C) shows a differential circuit 
output of (B) ; (D) shows a positive signal extracted from 
(C); and (E) shows a signal for closing a servo loop using 
the signal of (D) as a trigger. 

[0005] The operation of the focusing device having the 
above-described structure will be described. 

[0006] First, a focusing lens is driven so as to approach a 
disc from a position distanced from the disc. Then, the 
waveform of the focusing error signal assumes an S letter 
curve. The comparison output between the focusing error 
signal and the threshold voltage is differentiated, and a 
servo loop is closed using the output closer to the focusing 
position as a trigger. Thus, the servo control is performed 
at about the center of the S letter curve. 

[0007] 

[Problems to be Solved by the Invention] However, the above- 
described structure has a problem in that when the relative 
speed of the lens and the disc surface is high in an initial 
state as in the case of a disc, the surface of which is 
wavering, focusing is impossible even when the servo loop is 
closed. 

[0008] The present invention, for solving the problem of the 
conventional art, has an objective of providing a focusing 
device capable of performing focusing even when a disc 
having a wavering surface is mounted. 

[0009] 
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[Means for Solving the Problems] In order to achieve this 
objective, a focusing device according to the present 
invention includes an S letter detection device for 
detecting an S-letter area of a focusing error signal; a 
detection period measuring device for detecting a period in 
which the S letter exists; a signal generator for outputting 
a search voltage and a switching signal in accordance with 
the output from the detection period measuring device; and a 
switching device for performing switching between a servo 
mode in which control is performed in accordance with the 
focusing error signal and a search mode in which control is 
performed in accordance with the search voltage. 

[0010] 

[Function] Owing to the above -described structure, the 
present invention measures the relative speed of the lens 
and the disc surface when an S letter is detected, drives 
the lens until this value becomes lower than or equal to a 
threshold value at which focusing is possible, and closes 
the servo loop when the value becomes lower than or equal to 
the threshold value. Thus, focusing can be stably conducted. 

[0011] 

[Examples] Hereinafter, examples of the present invention 
will be described with reference to the figures. 

[0012] A structure of an optical disc player, mainly a focus 
controlling system, will be described in Figure 5. 
Reference numeral 51 represents a control signal generator, 
reference numeral 52 represents an actuator driver, 
reference numeral 53 represents a focusing error signal 
generator, reference numeral 54 represents an optical pickup, 
reference numeral 55 represents a spindle motor, and 
reference numeral 5 6 represents an optical disc. Here, the 
objective of the focus control system is to match the 
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focusing position of the optical pickup 54 to the surface of 
the optical disc 56. 

[0013] A structure of the control signal generator 51 
according to a first example of the present invention is 
shown in Figure 1. Reference numeral 11 represents an S 
letter detector, reference numeral 111 represents a positive 
value detector, reference numeral 112 represents a negative 
value detector, reference numeral 113 represents a zero 
value detector, reference numeral 12 represents a detection 
period measuring device, reference numeral 13 represents a 
signal generator, reference numeral 14 represents a 
switching device, reference numeral 15 represents a switch A, 
reference numeral 16 represents a switch B, reference 
numeral 17 represents a differentiating circuit, and 
reference numeral 18 represents an integrating circuit. 
When a focusing error signal is input, the S letter detector 
11 detects that the focusing error signal is passing or has 
passed an S letter. With reference to Figure 4, an 
operating principle of the S letter detector 11 will be 
described. In this example, the control signal generator 51 
outputs a positive value when the S letter is far from the 
focusing position, and outputs a negative value when S 
letter is close to the focusing position. The positive 
value detector 111 makes an output when the value of the 
error signal is greater than or equal to a certain positive 
threshold value. The negative value detector 112 makes an 
output when the value of the error signal is lower than or 
equal to a certain negative threshold value. The zero value 
detector 113 makes an output when the value of the error 
signal is between the positive threshold value and the 
negative threshold value. The detection period measuring 
device 12 measures a period in which the S letter detector 
11 makes the three outputs, and for example, counts the 
number of clocks during this period. The detection period 
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measuring device 12 outputs the following five types of 
signals: signal (a) when the period in which there is an 
output from the positive value detector 111 is lower than or 
equal to the period of a certain threshold value, signal (b) 
when the period is greater than the period of the certain 
threshold value, (c) when the period in which there is an 
output from the negative value detector 112 is lower than or 
equal to the period of the certain threshold value, (d) when 
the period is greater than the period of the certain 
threshold value, and (e) when there is an output from the 
zero value detector 113. Depending on the order in which 
the above-mentioned five types of signals are output, the 
signal generator 13 outputs a search voltage (positive 
voltage) in the direction of causing the lens to approach 
the disc, outputs a search voltage (negative voltage) in the 
direction of allowing the lens to be farther from the disc, 
or does not make any output. When the detection period is 
long, i.e., when the relative speed is low as in the case of 
signal (b) or (c), the signal generator 13 instructs the 
switching device 14 to switch the switch A 15 and the switch 
B 16 from the search mode to the servo mode. The 
differentiating circuit 17 and the integrating circuit 18 
are elements of a servo loop filter. Especially, the 
integrating circuit 18 is used for updating a low frequency 
component even in the search mode. A focus driving signal 
is obtained as a sum of an output from the switch A 15 and 
an output from the switch B 16. 

[0014] Next, with reference to Figure 2, an operation of the 
signal generator 13 will be described. It is assumed that 
the lens is initially at a position sufficiently far from 
the disc. The signal generator 13 outputs a signal for 
switching the switch A 15 and the switch B 16 to the search 
mode. Then, the signal generator 13 outputs a positive 
voltage. When signal (b) is detected, it is determined that 
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the relative speed is sufficiently low, and the signal 
generator 13 outputs a signal for switching the switch A 15 
and the switch B 16 to the servo mode. When signal (a) is 
detected, the signal generator 13 outputs a negative voltage 
after detecting signals (e), (c) and (e), i.e., after 
detecting that the lens has passed the S letter area at high 
relative speed. Thus, the lens is gradually distanced from 
the disc. Next, the lens again crosses the disc surface. 
Here, when signal (d) is detected, it is determined that the 
relative speed is sufficiently low, and the signal generator 
13 outputs a signal for switching the switch A 15 and the 
switch B 16 to the servo mode. When signal (c) is detected, 
the signal generator 13 does not make any output after 
detecting signals (e), (a) and (e) . Then, the signal 
generator 13 checks whether signal (b) is detected or not in 
S letter detection. In this way, after detecting the S 
letter while causing the lens to approach the disc, the lens 
is gradually distanced from the disc. Thus, the wavering 
speed of the disc surface is reduced. The relative speed is 
checked and when the relative speed becomes sufficiently low, 
the servo loop is closed. In this manner, focusing can be 
stably conducted even with a disc, the surface of which is 
significantly wavering. The time-wise change in the 

focusing position of the disc surface and the lens is shown 
in Figure 3. In this example, the lens is gradually 
distanced from the disc as represented with solid line. 
Also in the case where the lens is gradually caused to 
approach the disc as represented with dashed line, the 
relative speed is reduced. Thus, focusing is possible. 

[0015] As described above, according to this example, the S 
letter detector 11, the detection period measuring device 12, 
the signal generator 13, the switching device 14, the switch 
A 15, and the switch B 16 are provided, and the focusing 
position of the focus lens is gradually distanced from the 
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disc or caused to approach the disc. Thus, the relative 
speed of the focusing position and the disc surface can be 
reduced. Therefore, the servo loop is closed and focusing 
can be stably conducted. 

[0016] Next, with ref erence to Figure 6, an operation of the 
signal generator 13 according to a second example of the 
present invention will be described. It is assumed that the 
lens is initially at a position sufficiently far from the 
disc. The signal generator 13 outputs a signal for 
switching the switch A 15 and the switch B 16 to the search 
mode. Then, the signal generator 13 outputs a positive 
voltage. When signal (b) is detected, it is determined that 
the relative speed is sufficiently low, and the signal 
generator 13 outputs a signal for switching the switch A 15 
and the switch B 16 to the servo mode. When signal (a) is 
detected, the signal generator 13 outputs a negative voltage 
after detecting signals (e) , (c) and (e). When signal (d) 
is detected, it is determined that the relative speed is 
sufficiently low, and the signal generator 13 outputs a 
signal for switching the switch A 15 and the switch B 16 to 
the servo mode. When signal (c) is detected, the signal 
generator 13 again outputs a positive voltage after 
detecting signals (e), (a) and (e). Thus, after detecting 
the S letter by causing the lens to approach the disc by a 
positive voltage, the lens is accelerated with a negative 
voltage so as to track the disc surface. After detecting 
the S letter again, the lens is accelerated with a positive 
voltage so as to track the disc surface. In this manner, 
the relative speed is checked while alternately outputting a 
positive voltage and a negative voltage so as to track the 
disc surface. When the relative speed becomes sufficiently 
low, the servo loop is closed. In this manner, focusing can 
be stably conducted even with a disc, the surface of which 
is significantly wavering. The time-wise change in the 



SHUSAKU YAMAMOTO 



Your Ref.: 28569.6500 

focusing position of the disc surface and the lens is shown 
in Figure 7 . 

[0017] As described above, according to this example, the S 
letter detector 11 , the detection period measuring device 12, 
the signal generator 13, the switching device 14, the switch 
A 15, and the switch B 16 are provided, and a positive 
voltage and a negative voltage are alternately output such 
that the focusing position of the focus lens tracks the disc 
surface. The time at which the relative speed of the 
focusing position and the disc surface is low is found. At 
this point, the servo loop is closed and focusing can be 
stably conducted. 

[0018] As described above, the focusing device according to 
the present invention includes an S letter detector for 
detecting an S letter area of a focusing error signal, a 
detection period measuring device for detecting a period in 
which the S letter exists, a signal generator for outputting 
a voltage in accordance with the output from the detection 
period measuring device and a switching signal, and a 
switching device for performing switching between a servo 
mode and a search mode. At the time when the relative speed 
of the focusing position of the lens and the disc surface 
becomes low, the servo loop is closed. Thus, focusing can 
be stably conducted even with a disc, the surface of which 
is significantly wavering. 

[Brief Description of the Drawings] 

[Figure 1] A block diagram illustrating a signal control 
generator 51 in an example of the present invention. 

[Figure 2] A flowchart illustrating an operation of the 
signal generator 13 in the first example of the present 
invention . 
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[Figure 3] A waveform diagram illustrating the time-wise 
change in the focusing position of the disc surface and the 
lens in the first example of the present invention. 

[Figure 4] A waveform diagram illustrating an operation of 
the S letter detector 11 in Figure 1. 

[Figure 5] A block diagram illustrating a structure of the 
focus control system of the optical disc player. 

[Figure 6] A flowchart illustrating an operation of the 
signal generator 13 in a second example of the present 
invention. 

[Figure 7] A waveform diagram illustrating the time-wise 
change in the focusing position of the disc surface and the 
lens in the second example of the present invention. 

[Figure 8] A waveform diagram illustrating an operating 
principle of a conventional focusing device. 

[Description of the Reference Numerals] 

11 S letter detector 

12 Detection period measuring device 

13 Signal generator 

14 Switching device 

15 Switch A 

16 Switch B 

17 Differentiating circuit 

18 Integrating circuit 

111 Positive value detector 

112 Negative value detector 

113 Zero value detector 
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[El 4] 




[07] T^. 7 ... 
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